Objective: Goiter is endemic in Iran. The iodine deficiency disorders program was begun a few years ago in Iran, and the coverage of iodized salt is sufficient now. But, in a periodic yearly medical examination of primary school girls in Qom, the prevalence of goiter was above 30% in 2002. This survey was designed to study the risk factors of goiter in those students. Design: The study was a randomized (multistage, proportional simple random sampling) case-control study. Subjects and interventions: We selected and performed thyroid examinations in 1050 girl students in primary schools in Qom city of Iran in 2002. We found 284 cases: girls in primary schools had goiter in accordance with the clinical exam of World Health Organization classification. Among students who did not present with goiter in the clinical exam, we randomly selected 288 students as the control group. We used a questionnaire to evaluate them for the risk factors of goiter. Results: The mean7s.d. ages of cases and controls were 8.771.3 and 8.971.3 years, respectively. There is no significant difference between the two groups regarding history of soya, kale, turnip, fish, daily iodized salt usage, education and job of mothers, monthly family income, nationality, immigration and residential situation. By using multinomial logistic regression, we found that storage of iodized salt in open containers, odds ratio (OR): 2.201 (1.412-3.428); P-value o0.0001, medium socioeconomic situation (SES) of family, OR: 2.099 (1.029-4.282), P-value ¼ 0.041, district 2 of Qom city, OR: 2.880 (1.376-6.027), P-value ¼ 0.005, and district 3 of Qom city, OR: 2.051(1.032-4.078), P-value ¼ 0.041, were the major risk factors for goiter in this population. Conclusions: In this study, the main risk factors for goiter were storage of iodized salt in open containers, medium SES and also living in specific districts of Qom city. As the coverage of iodinized salt is over 95% in Iran, we advise the education of the family about storage of iodized salt in closed containers. We also recommend the study of the other risk factors of goiter in the different geographical areas of Iran, because of differences in the SES and nutritional habits.
Introduction
Iodine is a mineral substance, which is essential for the development and growth of the human body. Iodine deficiency disorders (IDD) affect people before they are born and change children's and adults lives. One of the most important and well-known global nutritional problems is iodine deficiency, and its deficiency is the most common preventable cause of mental disability in the world (IDD Key Messages Generic Tool Kit 4). It is estimated that more than one billion people, concentrated primarily in less-developed countries, are unable to consume adequate levels of iodine. Only during the last decade, it has been realized that IDDs are the leading cause of intellectual impairment (Hetzel, 1993) . Goiters are the most obvious sign of IDD.
Risk factors for goiter are those that do not seem to be a direct cause of the disease, but seem to be associated in some way. Having a risk factor for goiter makes the chances of getting the condition higher, but does not always lead to goiter. The risk factors for goiter include: iodine deficiency (the most common), geographic regions with low iodine, malnutrition, goiterogen such as turnips-kale-soya, poverty, pregnancy and a low level of education. The involvement of other factors (dietary or nondietary) besides iodine deficiency might interact in the genesis of thyroid enlargement (Zali et al., 1994) .
The IDD program begun 15 years ago in Iran, using iodized salt with potassium iodated, and its coverage was sufficient (urban 95% and rural 92%) in 2000. In the periodic yearly medical examination of primary school girls in Qom city of Iran, we found that the prevalence of goiter was 30% in 2002. Why was the prevalence of simple goiter high in this population, in spite of the sufficient iodized salt coverage in this city, and after over 15 years past the IDD program? The aim of the present study was to answer this question and to examine the relations between demographic variables, habits and socioeconomic factors for goiter in these girls.
Materials and methods

Study design
Qom city is 120 km southwest of Tehran, the capital of Iran, and its population is about 1 000 000. It is divided into four district areas. This case-controlled study was conducted from January to May 2002, according to Qom city districts and the latest census of the number of girls in primary schools, using multistage, proportional simple random sampling. With the assumption of goiter prevalence 30%, a ¼ 0.05, d ¼ 0.05 and power 80%, we selected and performed thyroid exams in 1050 girl students in primary schools. All of them were clinically examined for the presence of goiter. Examination of the thyroid gland was made by inspection and palpation according to the criteria endorsed by the World Health Organization (WHO) and the International Council for The Control of Iodine Deficiency Disorders (ICCIDD/UNICEF/ WHO, 1990) .
Classification of goiter is as follows: We found 284 cases of girls in primary schools who had goiter by clinical exams with WHO classification. Of students who had no goiter in clinical exam, we randomly selected 288 students as a control group. We measured age, weight, height in all cases and in the control group. Age, weight and height of each student was compared with the growth chart of weight per height and height per age, and categorized into three groups: under percentile 3, between percentile 3 and 97, and over percentile 97, for each student. Then we interviewed the mothers of these students with a simple data collection form.
Questionnaire (data collection form)
We used 24 closed questions to detect the demographic variables, physical thyroid exams, goiterogen consumption, type and amount of salt usage and its type of storage, family socioeconomic situation (SES) (we classified the families into three categories socioeconomically with regard to family income, mother's educational level, house situation, immigration and area of the city), and the nationality. We made our questionnaire standard after interviewing 30 randomly selected girls' mothers from each group.
Statistical methods
We used SPSS 11.5 for Windows software to manage the data and to perform descriptive and analytic statistical tests. To examine the association of each factor with the case and control groups, we used the Pearson w 2 test, Fisher exact test (two-sided) and Student's t-test. Univariate logistic regression analysis was performed to calculate OR with CI 95%. P-value o0.05 was considered statistically significant. Then those factors were entered into a multinomial logistic regression analysis, and the confounder's effects were measured.
Results
All students were females. The mean7s.d. ages of cases and controls were 8.771.3 years (range 7-12 years) and 8.971.3 years (range 6-12 years), P-value was 0.022. There is a statistically significant difference between cases and controls with regard to age, but this statistical difference was seen due to the high sample size, and it was not clinically significant (mean age of cases and controls had 2.4 months difference), but we measured its effect by multinomial logistic regression analysis.
In Table 1 , we showed the mean of weight and height of cases and controls. As the mean of weight and height in the In the cases group, the frequency of grade I goiter was 236 (83.1%) and grade II was 48 (15.9%). We did not find any grade III goiter in these students.
There were no significant differences between cases and controls with regard to height/age percentile, history of kale, turnip, soya, fish, iodine and salt consumption during the 1 month before, mean daily salt usage, mothers' job, mothers' education, family poverty, family SESs, immigration and nationality. But we found a statistical significant difference between cases and controls in the frequency of weight/ height percentile and also type of salt storage in the houses. These associations and their ORs has been shown in Tables  2-4. The results of linear regression analysis are shown in Table 3 . As it seems, only the type of storage of salt in the house is significantly associated with goiter (P-value ¼ 0.002). Potassium iodated salt can be evaporated very easily, so the iodized salt in an open container may be free of or have less iodine. Unfortunately, we did not examine the content of iodine of the salt in the salt stored in the households during the study, and, after the analysis of data, we found these differences between cases and controls with regard to salt storage. Then we decided to examine the iodine content of salt consumed in households, but because of summer holidays the schools were closed, and most of the families were out of the districts, and we were not able to examine it. So our study has this limitation.
We also did not measure urinary iodine excretion. This project needs a huge budget, which should be supported by health foundations. Of course, this project was performed as medical students' thesis and it was not under any funding supports.
The first epidemiological study of IDD (Emami et al. (1969) by the Institute of Nutrition) had shown that iodine deficiency was endemic in many areas in Iran. After that, many studies suggested that iodine deficiency is endemic in Iran, and that it is more prevalent in female than in male subjects (Navaei et al., 1986; Sheikholeslam and Azizi, 1992; Sheikholeslam and Sadvandian, 1993; Zahedi et al., 1995; Rajabian et al., 1996; Deshad et al., 1998; Azizi et al., 2001a; Iran Epidemiological Data -Iodine) . According to the WHO, a total goiter rate of 5% or more in primary school children (6-12 years) should signal the presence of a public health problem (World Health Organization Document, 1994) . The IDD program had begun 15 years ago in Iran using iodized salt with potassium iodated. Many studies showed that the prevalence of goiter had decreased in Iran during this period (IDD News letter, 1996; Azizi et al., 2001b; Ravanshad et al., 2003) . In 1996 the coverage of iodized salt usage was 50%, but in 2000 its coverage was sufficient (urban 95% and rural 92%). In spite of this sufficiency, the prevalence of goiter was reported to be 32.1% in the same year (Noorbala et al., 2000) ! Many studies evaluated the IDD program and its effect on thyroid function by urinary iodine excretion measurements in Iran (Azizi et al., 2001c (Azizi et al., , 2005 Mirmiran et al., 2003; Salarkia et al., 2003; Aminorroaya et al., 2004) . Azizi et al. (2001b) , who surveyed in each of the 26 provinces of Iran, according to WHO classification and urinary iodine excretion, found that goiter was endemic in all provinces, but the majority had a small (grade 1) goiter. Median urinary iodine was 20.5 mg/dl. In all, 85% had urinary iodine greater than 10 mg/dl. In all 26 provinces, the median urinary iodine was above 13 mg/dl, 6-9% of the school children had urinary iodine less than 5 mg/dl. No significant differences were observed between boys and girls, or rural and urban residents, with respect to urinary iodine excretion. It was seen that, 7 years after beginning salt iodization and 2 years after compulsory iodization of table salt, urinary iodine excretion had reached adequate levels in school children. Considering the percentage of households consuming iodized salt and that the IDD program is well followed, they concluded that iodine deficiency had been controlled in Iran.
The results of this study have shown that the use of iodized salt caused an increase in excreted urinary iodine and a decrease in the prevalence of thyroid goiter, especially in younger age groups. Consumption of iodized salt with 40 parts per million (p.p.m.) iodine had not caused increased prevalence of thyroid dysfunction in this area. The benefits of iodized oil administration in decreasing goiter size and in resuming normal thyroid function up to 3 years after the intervention have been shown in a study .
High coverage of iodized salt does not seem to overcome goiter in Iran as much as would be expected, despite the lack of any apparent impact of the potential goitrogenic foods. Could there be other goitrogenic factors involved on a large scale? Unfortunately, there are few articles about the risk factors of goiter in Iran.
In 1997, 8000 male and female 6-18-year-old students were selected by cluster sampling in schools of Isfahan. Their thyroids were examined by four endocrinologists, and goiter was staged on the basis of the WHO classification. As an index of iodine consumption, urinary iodine concentrations were measured in 3000 students. Goiter was observed in 62% of the students. Of the overall study group, 94% had sufficient iodine consumption (urinary iodine concentration of 10.0 mg/dl or more). Of those students who had sufficient iodine intake, 63.2% had goiter. Despite sufficient iodine intake, the prevalence of goiter was still high in Isfahan City. Apparently, either this high prevalence has no relationship to iodine deficiency and possibly other unknown goitrogens are involved in the pathogenesis of goiter in Isfahan, or the period of iodine intake had been too brief to affect thyroid sizes. Inasmuch as goiter prevalence was also high in the 6-10-year-old children, who had iodized salt available for most of their lives, the second option was less probable. Another possibility was an increased rate of autoimmune thyroid diseases (because of iodine repletion) that resembled goiter during their early stages (Aminorroaya et al., 2001) .
In our study, we found that the moderate SES of families and their residence in districts 2 and 3 of Qom city might be a risk factor for goiter. We should explain that districts 2 and 3 of Qom city are in the low to medium SES. Therefore, the low to medium SES might be a risk factor for goiter, and also something else about living in districts 2 or 3 might lead to an increased risk of goiter, such as water supplies and cultural differences, which need to be confirmed by other studies. There may be another suggestion about this finding, in which medium SES results in higher goiter rates rather than low rates; high SES is associated with an even higher rate, but this is not significant, presumably because the sample size for that group is low.
According to a food consumption survey in Shahryar town near Tehran, an endemic area near the capital city of Iran in 1990, significant reverse correlations were found between goiter prevalence and vitamin A and protein intakes, and they concluded that iodine deficiency played a key role in goiter. That study explained the need for further consideration about the association of other dietary factors (Kimiagar et al., 1990) . Janghah (1997) and Ghamie (1997) reported that 8.66% of a subsample of 6-11-year-old school girls in Shiraz were iodine deficient according to urinary iodine/creatinine ratio. On the other hand, Ravanshad et al. (2003) revealed that 4.7 and 12.1% of a subsample of girls according to two indices, that is, urinary iodide excretion and urinary iodide/creatinine ratio, respectively, were iodine deficient and prevalence of goiter was 25% in Shiraz. Could there be iron deficiency involved in it? suggested that iron deficiency was associated with a high prevalence of goiter in Iranian schoolchildren. According to this study, because iron deficiency may impair the efficacy of iodine supplementation, they determined the relation between serum ferritin and goiter, urinary iodine and thyroid hormones following iodized salt supplementation. Total goiter rates were 80 and 20% in children with ferritin concentrations o10 mg/dl and X10 mg/dl, respectively (Po0.001). Increased serum T3 and decreased resin T3 uptake was present in those with lower serum ferritin levels; however, free T3 and T4 index, serum T4 and TSH were not significantly different between those with low and normal ferritin. Yavuz et al. (2004) evaluated the effect of iron status on thyroid hormone profile in adolescents living in a mildly iodinedeficient area in Turkey, and found that thyroid hormone levels of the children with anemia were not significantly different compared to children without anemia. No significant correlation was found between thyroid hormones and iron status. Zimmermann et al. (2002) studied to determine if cofortification of iodized salt with Fe would improve the efficacy of iodine in goitrous children with a high prevalence of anemia. In a 9-month, randomized, double-blind trial, 6-15-year-old children (n ¼ 377) were given iodized salt (25 mg iodine/g salt) or dual-fortified salt with iodine (25 mg iodine/g salt) and Fe (1 mg Fe/g salt, as ferrous sulfate microencapsulated with partially hydrogenated vegetable oil). They concluded that the addition of encapsulated Fe to the iodized salt improved the efficacy of iodine in goitrous children with a high prevalence of anemia. Hess et al. (2002) determined whether iron supplementation in goitrous, iron-deficient children would improve their response to iodized salt. They conducted a randomized, double-blind, placebo-controlled trial in 5-14-year-old children in the Ivory Coast. They concluded that iron supplementation improved the efficacy of iodized salt in goitrous children with iron deficiency.
There may be other goitrogenic factors involved in a goiter, such as the selenium concentration; Nouarie et al. (2004) found that the median serum selenium concentrations were very different in four provinces of Iran. Raie (1996) compared the levels of Hg, As and Se in hair samples from Iran and Glasgow, and revealed significantly lower levels of these trace elements in samples conducted from Iran; it may be that most Iranian soils contain relatively low concentrations of the Se. Aydin et al. (2002) conducted a study to establish the effects of iodine and selenium levels on thyroid gland size and thyroid function in 73 healthy schoolchildren, 7-12 years old, living in an endemic goiter area in Turkey. They found that thyroid volumes of the children were negatively correlated with serum selenium levels, but there was no correlation with urinary iodine levels and thyroid hormones, and concluded that schoolchildren in this area had significant goiter problems, probably due to iodine and selenium deficiencies.
The main finding of our study is that iodized salt storage in an open container may be a risk factor for goiter. Iodine stability and iodine losses in iodized salt following different storage methods had been evaluated by many studies in the world. Taga et al. (2004) studied five groups of salt samples from three provinces of Cameroon. Each group included a specimen from the factory, wholesalers, retailers and households. Iodine content was measured by the volumetric method. The results showed that the iodine levels in salt decreased substantially between the factory and the consumer; percentages of iodine loss in these samples varied from 44.8 to 82.3%. Iodine levels were highest in finegrained salt. Iodine concentration also decreases after storage, perhaps as a function of the type and duration of storage, temperature, the packaging material and presence of impurities in salt. This study shows that even salt with an initial high iodine concentration may reach consumers with insufficient levels for daily needs. A survey of 180 rural families from different zones of Haryana State was carried out by Punia et al. (2002) to find out the type of salt used and intake, and the domestic storage practices. Analysis of iodine in salt samples showed that, of samples from three zones, 39% contained no iodine; 9% had o15 p.p.m., 14% had 15-29 p.p.m. and 37% had X30 p.p.m. The results indicated that most of the people in rural Haryana consumed powdered salt and stored it in airtight containers. Biber et al. (2002) had shown that, after the salt was stored at room temperature with a relative humidity of 30-45% and in sealed paper bags for 3 years, 58.5% of iodine content was lost in approximately 3.5 years. According to a survey that was conducted on a random sample of 400 households in the Marcory district of Abidjan by Adou et al. (2002) , they observed that in 23.3% of households the iodine content of salt was weak (o30 p.p.m.). Contents higher than the upper limit of normality (30-50 p.p.m.) were found in 44.8% of cases. The level of iodine was adequate for 32% of households.
As the coverage of iodine salt is over 95% in Iran, we advise health policymakers and other decision makers, and investigators in Iran, to design high-quality studies to measure potential goitrogenic factors and the effect of different storage methods of iodized salt on iodine losses. Investigators should not restrict their outcomes to goiter rates and urinary iodine excretion, but should include other outcome measures such as mental and physical development in children, mortality and others. We also recommend the study of consumers' behavior regarding the purchase and storage of salt, and the determination of the iodine content of dietary salt in Iran.
As a main practical comment, we advise mass education about iodized salt storage in closed containers for families.
As many studies showed the effect of packaging and storage of iodized salt on iodine losses, if it has been studied adequately, we recommend meta-analysis studies to confirm the results and we think that there needs to be increased international attention with regard to this issue. If others come up with similar conclusions, then increased international attention on this aspect is needed. The IDD program needs to revise and focus on the risk factors of goiter, method of packaging and storage of iodized salt, and investigators should not restrict their outcomes to goiter rates and urinary iodine excretion, but should include other outcome measures such as mental and physical development in children, mortality and others. Investigators should pay special attention to adverse effects and their report in primary studies, and should assess children (including very young children who may have a relatively low salt consumption) separately from adults.
However, we do not know if there is any other factor that could be the cause of goiter in this population, such as iron deficiency, selenium deficiency, autoimmunity or tumors. So we recommend the study of these factors in this population and the other risk factors of goiter in the different geographical areas of Iran because of the differences in the socioeconomics factors, cultural and nutritional habits.
